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THE MILLSTONE GRIT SEQUENCE BETWEEN MASHAM AND GREAT 
WHERNSIDE. 
BY W. S. BISAT. 
(EEAD SEPT. 20TH, 1913). 
The district in which the rocks under discussion are situated is 
bounded on the N.W. by Coverdale, east by the Valley of the Ure, 
west by Wharfedale, S .E . by the watershed dividing the Burn and 
Laver val leys, and on the S.W. by an arbitrary line running due west, 
from Ramsgil l into Wharfedale. 
The whole of the Millstone Grit sequence is not seen in this area, 
beds which have been referred to the top of the Third Grits being 
the highest that have escaped denudation. 
It is of course well known that the succession consists of the 
usual alternations of grits, sandstones and shales, but owing to the 
variation horizontally and general similarity of the sandstone and 
grit bands, it does not appear possible or useful to attempt any division 
of the series based on the occurrence of grit or sandstone beds at 
varying horizons. 
Marine fossils occur at two well-defined horizons, and it is pro-
posed to make use of these two bands as a basis for the subdivision 
of the sequence. 
Phillips in his " Geology of the Mountain Limestone District " 
(pp. 209-212) published in 1836, records five marine fossils from Col-
sterdale on the authority of Danby. 
The Rev. J . S . Tute recorded from the neighbourhood of Ripon 
(Proc. Yoxks. Geol. Socy., 1867 and 1886), a list of marine fossils 
from an horizon in the Third Grits which he termed the Cayton Gill 
Beds on account of their being well exposed in Cayton Gill, near Ripon. 
From the same neighbourhood Dr. Wheelton Hind has since recorded 
{The Naturalist, 1907, pp. 92, 93) a much fuller list, and the mapping 
of the Survey indicated that these beds continued as a fossiliferous 
horizon as far north as Masham. 
The excavation of the trench for the core wall at Leighton 
Reservoir, near Masham, for the Leeds City Council, though un-
fortunately mainly passing through beds of a barren character, has 
provided an opportunity for making a fairly detailed examination 
of the sequence, the determination of the relative position of the 
two marine bands above alluded to, and the obtaining of satisfactory 
aunal lists therefrom. 
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BISAT : THE MILLSTOXE GRIT SEQUENCE 21 
Using the two well established fossiliferous horizons to split 
up the series, we obtain the following groups of beds :— 
The thicknesses given to the first three sections are of the series 
as developed at Glints, near Leighton Reservoir, Masham ; the thick-
ness of the Colsterdale fossiliferous horizon (Plate II . ) appears to va r y 
to the indicated extent ; and the thickness of the basement shales is 
estimated from the Coverdale exposures. 
These basement shales, which together with the basement or 
Bearing Grit form the lowest beds in the series, lie on a variable base, 
which is seen in Nidderdale and Coverdale ; and indications of erosion, 
which may be responsible for a good deal of the variation, are not 
lacking. The Bearing Grit, above alluded to, is seen very well in 
Howstean Beck and Blayshaw Gill near Lofthouse-in-Nidderdale, 
and appears to atta in a maximum thickness along a north and south 
line under Great Whernside. The shales are usually fairly sandy, 
and contain some small sandstone bands, but are generally of a limp 
character. They are to some extent micaceous, and thin coals occur 
near the base. Occasional small obscure shells are met with, but I 
have not yet had the opportunity of examining the whole of the thick-
ness, and a good deal of work remains to be done in the examination 
of these shales, and the underlying junction with the Yoredale lime-
stones. 
At the top of the above shales a sandstone or grit band occurs 
almost everywhere, with a coal seam in part of the area. This coal 
seam has been worked in Coverdale, Nidderdale and Colsterdale, 
has a thickness varying up to 1 ft. 6 in. or 2 ft., and is a useful guide 
to horizon. It is followed by shales containing a marine fauna. These 
fossiliferous shales may be traced from Colsterdale to Great Whernside 
and southwards from thence along the borders of Nidderdale and 
Wharfedale. Along this latter line the thickness of fossiliferous 
shale does not appear to be more than 10 ft., including a thin lime-
stone band about a foot in thickness, which has been mapped and named 
by the Survey the " Tesselated Limestone " ; but the fossiliferous 
Brimham Grit Group 
Cayton Gill Beds 
350 ft, 
150 ft. 
250 ft, Barren Beds ... 
Colsterdale Fossil Beds 
Basement Shales 
Basement or Bearing Grit 
10 ft.-80 ft, 
say 300 ft.-400 ft, 
0 ft.-200 ft. 
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22 BISAT I THE MILLSTONE GRIT SEQUENCE 
group thickens out to the north-east in Colsterdale, mainly owing 
to grit bands coming in. Here trial holes were sunk some years ago 
by the Leeds City Council for their water scheme, and the material 
tipped to spoil has yielded a fairly large fauna. The coal seam may 
be taken as forming the base of the fossiliferous group, but un-
fortunately there are no exposures showing the whole series, and failing 
this, it is not easy to assign any definite thickness to these beds, but 
lacking better evidence, about 80 ft. of beds may be taken as here 
belonging to the marine band, which thickness includes about 40 ft. 
of grit and ganister which seem to have fossiliferous layers. 
Above these fossiliferous shales there is a thickness of about 250 
ft. of sandstones, plates and shales, often very micaceous and apparently 
barren of any marine fauna. The sandstone bands are not of very 
great thickness, and very often merely seem to be long lenticular 
wedges. The thickest band seen is a well marked grit running 
down the east side of Birk Gill, where it forms the moor top. On 
reaching Healey Pasture quarry it has become finer grained and is 
not definitely traceable further south. Its thickness is 50 ft. to 60 ft., 
it occurs in the middle of the series, and is perhaps represented by rock 
bands seen at Leighton Reservoir and below Healey, but there appears 
to be no means of correlation. The shales form at Leighton about 
60 per cent of the series, are fairly hard and sandy, and usually full 
of hard fine grained grey sandstone streaks, which may in a few feet 
horizontally change the shale into a sandstone. These sandstones 
contain large concretions of sandstones with a calcite matr ix . 
The above series of barren beds possesses on the whole strong 
features, and forms a cap in many places to the relatively softer beds 
below. Beds at this horizon form a capping to the Nidderdale hills 
in the neighbourhood of Great Whernside, but are best seen in the valley 
of the Burn, where characteristic exposures of alternating sandstone 
and sandy shale may be seen in most of the small gills and in the 
river Burn itself. 
At the top of this series of barren beds there have been small 
exposures on the south side of the val ley at Leighton Reservoir which 
show what appears to be a definite line of erosion of greater magnitude 
than the small signs of contemporaneous erosion that occasionally 
may be seen in these beds. Not only is the erosion line fairly well 
marked, but also the overlying sediments are of total ly different 
character. The sandstones are thin and contain thick clay partings, 
and the shales are extremely argillaceous, a character which the shales 
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in the whole of the 250 ft. intervening between this horizon and the 
underlying Colsterdale beds never assume, and only remotely approach 
in extreme cases. The channel formed by this erosion line appears 
to run north-east and south-west. 
The shales above the erosion line have yielded Lingula mytiloides, 
and in the sandstone beds which follow a fauna especially rich in 
lamellibranchs is developed. This sandstone bed is the main shellbed 
of the Cayton Gill series, which may be taken as commencing at the 
erosion line. Unfortunately only the lowest and least fossiliferous 
part of this series was exposed at Leighton, but at Roundhill Reservoir, 
Arnagill Valley, High Ash Head Moor, and in the river Burn, near Shaw's 
Bridge, Swinton, more fossiliferous beds are exposed, and boulders 
may be seen strewing the line of outcrop. A dark, platy sandstone 
higher up in the series is seen at Arnagill Valley and High Ash Head 
Moor, and has yielded numerous brachiopods, but no lamellibranchs. 
A similar band on the bank of the Ure, near Hackfall, probably repre-
sents the same horizon. The boring at Roundhill noted on page 
59 of Fox-Strangways ' " Geology of the Country north and east of 
Harrogate," passed through the whole of this series, and indicated 
about 60 ft. of shales in the upper part, which unfortunately do not 
appear to be exposed anywhere in the district. There is some little 
difficulty in determining the exact thickness to assign to the Cayton 
Gill Beds as the top is nowhere seen owing to lack of exposures. The 
total thickness is here taken as 150 feet, which allows the shales im-
mediately below the lower grit band of the Brimham Grit group to be 
included with the grits. 
Beds of this age form the moor top to the east of Lofthouse, 
and stretch northwards round the bend of Nidderdale to Great Haw. 
In the region between Great Haw and the head of Grimes Gill a hard 
white ganisteroid sandstone appears low down in the Cayton Gill 
series, apparently underlying the main shell bed. 
The base of the series at Leighton is mainly formed of clay shales, 
and this appears to be the case wherever exposures are available, 
similar shales being seen at Woo Gill, Nidderdale, and traces in Arna-
gill Valley and Ger Beck, Tranmire. These shales have only yielded 
Lingula, and that but sparingly. Shales a l itt le higher are more 
fossiliferous. 
The sandstone beds seen at Fountains, near Ripon, are much 
harder and more calcareous than those of this district. 
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TABLE 11.
FAUNA OF THE COLSTERDALE MARINE BAND.
aqualis
kirkmani
laois
s/illa
lucinitormis
Orihotetes
Productus aculeatus
Nuculaua attenuata
Euphemus urei
Prothyris elegans
GASTEROPODA.
Bcllerophon sp. • .
Ptychomphalus interstrialis ?
Posidonomya membranacea ..
Schizophoria resupinata
Posidoniel la corrugata
N ucula gibbosa
Leiopteria sp.
Scminula ambigua
Straparollus sp,
Edmondia sp.
Cienodontalfl!viros/ris
Pterinopectcn papyraceus
MyaUna peralata
C'blfl~~?'" ~ ~ \ UPPER NIDDERDALE.
-~ .. ".~~.~--- 8 n ~ --. ---.----.--...~- -ci' <Ii ,--=-~
&'l b I ~-, .~ . ~ i -~ I~:E i ~~ ~e
0'£ I . § ,.::l1! ;cg~ 1 3 ;I1El '1?rr g;I1en ._ -+oJ '"'" ~ (j) ~ e.". ~ Q ;:::t.. ....tn
-a~ @ ~ ~ d ] >-I l:l ,.,; =r li: ~:I: aJ ~ d' ~ ~ ~~
:: ~ I s ~~ (, ~8 ~ ~ ::~ ~! ~- ~~ ~~
rn;3 I :::J ,,,3 0 I ~u §< ...... <Ii~!. "t:;j 0 fil o..rn CI ~ES~ I ~ ~ ~ I;p' t=: ~ ~~ I ~~ ~0 ~Q aA
Acrolepis ho:'::::
D A
-~ -:=1--_-__ =.---~ ~----l---'I-----J------~i-----I--.-= ----=1--==1
1
===
Dimorphoccras gilber/soni . '---':":' ---.. '---- -__ 1
1
1 --'..-':'- ----
Glyphioceras diadema .. __.:..:. _?_\_.2'_1 ~ .. : ._,_~_
" micronotum . . x , , ' I
_._...:.: ph_il_li_ps_i === x -_-_._- _.--_.-_ _-_-_-_- _-~_-_[~~]=-----I=----I------ .~-_-_'-_-'====
Orthoceras asiculnre .• . . •. x . 1'-_1- 1__ .. ',---!.----.-
" koninckianum . . . . x i [ !!
N~-;;;J-n-oc-e;assp-z-ro-r-In-s-~--•• ----._---- ---I_-~_-_I----===i-_-_-_ ====I=-x-!_--_-_=
LA~lELLIBRANCHIATA. -------1---: 1 : I
Allorsnia sulcaia ,. .. ,. , I_x -_i- ' 1 _
Limatulina occidmtalzs .. . , -1 1.-:.-1 [-- 1 : L__
Auiculopecten gCllfllis. . , . x I I ' [I I
II=~=;----=I~-':-': ==I==:=---!---II=------i---~l=
.. =J ~J=I=: x-1=1=:=1=1==:=1=
-=:J : I_x 1==I=!:=I=i=I===II~=
----1-
x
-I=---I------~I=-r---='=I=--=I=I----T--=
---- -11.-_:I_--,I-_~ ?=I==-!_-=!_--=!~_!_---==[-_-[==
j --~._---1-- .i..----'-;-[---[-;-1-;-1-;-1--1----
-~=I-- x ~I- _=;i=--~-i~-:~I-<~i;=i~
_SCh_iZod_US_an_tiqu_us_:~__-~-_~=~~.~~-_-~'---,==_,=~=! x=~-~_I=I~--_-_-=.=-_-c-:i=-_l-_-=
13RACIIIOPODA. I I I I I I I 1 I ILillgula mytilotdes •• .. __ ':'" x x x x 1_ x __ I
" squamosa, . .• . -";--1----'-- '--;--1--
1
- - : --,---'--I--I---!----
Orbiculoidea nitlda .. . . - ~--- ----. ---- '---1--- ---[--1 I ---1----1---
.. . -~--·I------ ---1---1---1--1-----1--
1
.- --1- -
----- -"-11-;-·-,----.--·--1-1-1-1----1--[..--·---~ _~=~I!_·--=I'-__~~_-[='_-_J==,'---=,---=[=[-x i_--_
x . • I: I I i-~ --_·--'---1-----·---'-----------,--_.'---
____--i_
x '_\_1
1
_
1
1
__1
1
1 .__'.__'.. _
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TABLE III.
FAUNA OF THE CAYTON (JILL BEDS.
RIPON, PATELEY BRIDGE AND HARROGATE AREA. MASHAM AREA.
LJr. W. Hind,
Geological Survey. !TheNaturalistJ Additional Records.
1907.
Lower Bands in series. Upper Band.
" sp.
POLYZOA.
Feneslclla sp.
----
Tcmnocheilus tubercula/us
.. 1 X
--
GASTEROPODA.
Bellcrophoti costa/us ..
"
sp.
.. I
Euomphalus sp, 1= -Eu phemus sp. ..
Flcmingia sp, .. ..
.. I
Loxoncma rueifera .. ..
"
d. dcornaius (De Kon) ..
"
sp. ..
JUacrocheilina ouaiis ..
"
[ibsom: ..
"
sp,
Nuticopsis sp.
.. I
----------
··1
--
Raphistoma junior .. ..
Straptirollus sp. (very small)
..I
----_.
..ILAMELLIBI'ANClUATA.Allorisma tumida ..
,. sulcnia .. .. I
,
i'~ til I fc ~ ~ $ I ·z.~ :g~ ~ .S :-9 ~ ~ § ~ c: ~ (/) e: E ~
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..... S· '" •".- .... "" .is <1) • .~ ",.~.::r::tl <> c7i c ~ f-< 0 g ....~~ ~ ~ .g ~ ~. ~ S ~& s ~] .~ c7J ~~ S~§ E, ~.~ $ ~ ~ ~ . ~
~'~ ~ e r/ Pi c;5 'i: ~ Z ~ ~ .c:Q ~ ~ ~.s v~. § ~ U5 ~ ~ rg 'g ~ ~~ :§ I'~ . ~ oS 2 ~~ = 0' ~ B ~ .s~ ~ ~ : ~ ~ 8 ~ S~; j ~ :I: ~ :a z..
o 2S : E ~ ~ r;; 0;:;:: :;:: gj .... 0 S ..>: 0 a 0 .... Ci 0 :=:;:J'U.~..o ..0 I;> ~
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''''''Pi: !=,,;;)"E~. .. ..'~--I-I-I_I-I'=I 1-1=/-1=-11==I=I==I='t
l==,=Cladodus (teeth) .. .. .. x I I I I I I I I I
Pctalodus acmr.iital!ts .. .. r----I-I--I-I-I~I-=I=-I-I-·I-I--,----I--I-I 1-'-
~~------ 1-1------1----1-----
.-:...r----:-I-I-J_J-I---__-_,_I I_I-_II__-I_I_
Pleul'opladtooth).. .... I I I I' I I I 1 1: I I I I I
Rhizodopsis sauroides .'. .. -I-I--I--,-I~-I-I-I--I--,-I-,-I----I--I-I-,--
EPhiPPiace~~~Pg,t~~:u~~\·.. "1==1=1=1=1 LJ=I x 1=1=/=1= 1-1=1=1===1=[=1 I=[~
Glyphioeerassp ··1 I 1 I 1 I_I-I-J-I_I_I-I_~I_I_I_I_I_-I_I I_I I
Nautilus ." ··1 x I I_I ' I 1_1__'_1----1--1-1-1-1-1-1-1-1-1 -1---
OrthoerYas koninckianum. .. ..1 I 1--.1-1-' I I X 1 I I I I /--1--1--
. 1 I-I-I-i----I--I--I-I----I--I~I--I-I-I--I---I---
. · J_-----
1
· _
" sp. .. .. .. x I-I I I I L~J_J~L_'_I-I_I_L__I_I_I-_- I 1--
Pleuronautiius nodosocarinatus .. I i_I.=[=[~]-I-J-I_---I-I-L---I-I-I-I- I d=
Stl'obocems bi:ulcatum .. .. ,I ill I_I_I_I I_I~I_J_I_I_I-I_I I_I I
" sltieatum.. .. ..1 x .1 x I~-!--!.--i,-I~I~I~I__-I_I I·_I_J~I_I-I__I-'_-1-
~-'-!---i-' 1 1 I 1 I I 1 I I I I 1 I X 1- 1--
-I-I--:---I--I--r--I-I-I-I-I-j-·-\----'-\-'-I_· J_· · I -I_I ,_ I
--1-1-1--1 I I 11I 1I I? I 1X 1 1_ I-I 1-1--
--I--I-I--I-I-I-I--~I-I-I-,-I-I-I-I-I_I-I-I-I-I-
-I--I-I.--I--I~I~I--I-I--I-I-I-I-I-I-I-I_I-I-,-I---
-I--i--!---I-I-I--I-I--I-I--'I-I-I~I-I_I--'---
-------1--------1- - - - - \-1--1_ 1-
_I 1_ I I-~I-I-I-I-I-I----I-I-I--. I_I 1
_1=1] I--I~I-'-I-'-i-'-I---'-'-I-'-'-I==
__I.-i-I--II-·.-I-I--II--I'--~-I-II-I-I-'-I-,-
1 i I I ill 1 I X I I 1
---:'-1--1-1--1-1--;;-1-1-1-1-1-1-1--1-1-1=1-1-'-1-'-
--Fi=-i r. I 1=1=1=: I =X 1=:=I=I=:-h=l=I=F=::~I ~l=i H=:=:=: Fx=1=1=1=1? 1=1=1 LI=I=
-1-1---\--1-\-,-1-1-\-1-1-1- 1-=-1-=-1- 1_1- 1-
1
- -
1
-I-I-I--I-I-'=-I-I-I-I--I-I-I-I-I~I-I-I-I-,-
_'lmusiumc01~eelltricum_.. _ .. i-I_I=I=I=I=]-1 X I L==I==I=I-I=I='=I='-!=' 1_1='=
Auiculoprcten clalhraius .. ..,.!I I I I-I-I-I-I-I~-I---I-I~I-I~I-I_?'_1_1__
" dissimilis . . . . . I I I I I X I 1X I I X X I I I X I_I 1 I I ?L"''''t''Ii''''''cid'''I,"~... ..I -C]=I,,==[-LJ=I,-' b=D.-lb X 1X 1=1_=_1 X 1I-b=
AV/ClI.lopeeten (murchzsom group) .'I.-._-I-I-:-I.-I-I-I-I--I--I-=-'-FI-I-I-I-I~I-I-I-I-I-
" .stellaris .. ··1 I_J .L. _LJ-I~L__I I_ 1-1-1-1-1-1-1 E'
" . scmieostatus .. . ·1 ~·=I__[J__I=J_I.-I-"-.J-_I_J_I__I__I_I__[_I=-1=1=
" .~p. .. .. ..I X I I I_-'_J_J-I~I L__I__I_I_I_I_I~I_I__,_I_LI_I
Ctenodolltalt~1j;:m~~._._··1-'- 1_1__-'_1 J-I-'I----l-'-I~'-'-'-I--'-I r \-~,Pl'iCardell(l!!::all~._..I-I--=i-:-,.--CJ-I~-!--i-I--I---I-I I-J-J~I- I !=I=
Edmondia m'covi . . . . . .1_1 Iii : I I I X _ I 1 I~I X 1 I~ I 1 I 1
----.------ - -----..----------- --.-- -1----- -
:: i:-: ::: 11Jj=:--~=i=:~c='='==_'_=:I X :=_~i=1 X I I_~_
Cranuna'odon cancellatus .. ..I-L-'~J_I_J_J_I_I_I__I_I I_I_._I_I_I _
" 1egulal'is.. . ·1_1 I I i I I I 1 I X I I I I X I X I I I X I 1 I
~"~"" :::::::,:. .. -::1-_ILI :-' =: x I[ X I I II i 1
1
- \ -=-1 xii I II J_ E1i-
" thompsom .. ..I 1 I I , , I 1 -I_I_L__I_
" sp. ... , ··1_1_ I_I__'__J_I_I_ X --I--I-----l--'-'-L-'-'-
-;i;--;;;;;-;;P;;;;;;a-··-..--··I I -I I I I_J ~__I_ _ __1_.1_'-_1_1__
" vcmeuilli ......I Iii I I I I_I__I_.I__-~----I--I-I-I-_\__
JIlt'Ii",,,,h,,p. .. .. i I-l-I--I-C]---_I.-~.--'--l-[- I I_L__1
1
_
N"",l••,""l~ .. ..' I i I I I I I I I I X I X I
" lueinitormis.. .. .. _I I_I_J_J I__I_C --~-I--I_-__L _
Nltc-;;;;;;;;;-s~-.. ~-.. r-I I I_-'-I__I_I_, I__I__I_~__L__I_
Palaolima striata . . . . . '1 I 1 I: I 1--1 I 'x 'I I I I . I I I I I
- - - -------------1---
1
- -
1
- - - - - -Pinna mutica .• ..-~ I-I 1--1 1--1 I I I I 1 X I I I 1
--;;;;;;'d;;niclla;;[ongata .. .. -I-i-l-I-I.-I-I--I--I-I-I'-I---I.-I-I-I-I~r-I-I-
- --'- ------'------1--'-·------
- _" hevis .. - .. - .. _I 1_-'_/_: 1_1 I__-'_I_~I__I__J__I_I~L_I_I_
Protoschizodus axini/ormis.. .. I I 1 I I I I I I I I I I X 1 X I I I I I 1 I I
curtus .. I 1 , I---j-,-I-I~I-I--I-I-I-,--I--I~I-'~I-I-r-I-I-
l'osidollomva !·echeri .. .. 71-1--i-I-!--I-I-I-I-I-I-I-.-'--I--I---I-r-I-I-
Ps~d;;-;;;;sium tihl'illosum .. .. 1-I-i--i-i-1-1-1-1-1-1-1-1~1--I-I-I--I-I-r-I-I-
Pt(l'illopcet~-;;tesselatus .. .. -I-I.-'I-!_--I.--I-I--I.-L-I-I-I-I~-I-I-I-I-I-I-r-I-j-
,_'_1=1=:=1 I 1=1 X 1_1=1=1= I =1=1=1=1=1=-'--1-1--
San;;uillolitcs tlieostatus .. . ·1 l_r_'_J_-'_I_I__I_'_I_I_I_I_I~I_I_I_~I_I-r-I-I-
Spathdla lata •. . . •. , 1 ! I I I I I 1 I I I I I I X I I 1 I 1-'--1-'-
"lnodwlaris . . . . 1 I I I I 1X I X I X 1 I 1 I I I I I xliii I I I
Scaldiabencdeniana .... I -I-I--I-I-I-I-'-I-I-l--'-.--I=~I-I X 1~I~r-I-I-
SChi~~dUS :;~iqUUS :: :: :: I I : : : : : 1I 1-1-)-1-1-1-1-1: :=1-:=1 X r-I=I'=
1
------1-----'---------
" wheeleri.. .... I J_I_I_I_I_,_I_I_I_I_I_I_I_I~I_I_I_I_I-'--'-I-
Sedgi£'ickia transversa . . . . I I ! i I I I I I I 1 I I 1 I I X I I I 1 1-'--1-1-
Soleno11lra cyliMriea.. ··1 I I I I 1 I I 1 I I I I-I-I-I-I-I~I-I-I-I-r-I-I-
TelliJlo11lol'Nu cUl1ilormis ··1' I ! I ! I I I X I 1 1 I 1 C'-j-I-I-I-I-I-r-'-j-
tmn~vcrsa .. ~--I-I-.I--i-l-I-l-I-I-I-I--I-I-I '-I~-I~I-I--I-I-r-I-I--
~lllOPODA. ---I-I--I-I--I-I--'-I-----I-I-I--I-I---j-
Amboca:lia urei . . . . . . , I j I ! I I I I I I I IX I I I 1 I I ! I I
Chonetcs hardrensis .. .. .. ~I-I-I-I-I-,-I-I-I-I-I-I-I-I-I~--I--I---I--I-I-I-r-I-i--.-
-" la,;ucssiana .. .. -I-I-I-I-i-I-?!-I?I-I-I-I-I-17 1- 1- 1- 17 j- I- I- r - '- i- ;
Derb)t1 gigalltm •• .. -.'I-I-I-I-l-:-I-I.-I-I~I-I-I~I-I-I-I-I-I-I-I-I-I-I-I--
" hindi.. .. .. .. ~1-1-I-;-i-I-I~!~I~-I-I-I-I-,71-1~-I-I-I-I-I~r-17'i-
Orbiculoidl'a nitida .. .. ..71-1-'1-1-1-1-1-1 I-I-I-I-I-I-?I-I-I-I-I-I-I-'-I-!-
Lill!'ulamr~.. .. .. -I-I-I-I-i-I-I-I-I-I-I-I-I-'~I~I-I-I-I-I-I-I-I-l-
P~otfuctus carbonariu-s- .. - .. -I-I-I-I-I-I-I--I-I-I-I-I-I--I?I-I~I-I-I-I-I-r-I-I-
~:...._co:.leinnus .. .. _1_1_1_1=1 I I=LJ 1=1=1=1 1I=I-x-I=I_X 1=1=1 1=1=1=
" cora • . . . .. X I I 1 I I I X I X I X I 1 I I I I I I I I I I I ,;< I I
:--allied to P. com.. .. -I-I-I-I-I-I-I-I--I-I.-I-I-I-I-I--I-I-I-I-I-r::-I-'
- ---------------1---------'-
" lon~ispinus . . . . I I I I I 1X I X 1 X I I. 1 1 I? X I I I. I I I I I
" punctatus .• .. -I-I-I-I-I-'-I-I-I-I-I-I~I--I--I-I-I-I-I-I-I-I-
.. :::::':" .. ~I X I :=:=:=:-: x :=U :=1=:=1 II 1=1=:=:=:-:=1 l:;Ji-:-
"semi.,.~tieul'ltus .. ~I-I,-I--I--I-I-I.-I '-1-1-1-1--1-1-1-1-'-1-'-171-1.-
" sp. .. .. "'-'--'~'~!-'-'-'-I-l-'-'--I-I-I-'-'-'-I-'-'-'-'-
Pugllus pleul'odon.. .. .·I-I-I-x-I-j-I-I-I--I-I-'-I-I-?-1-1-1-1-1-1-'-1-1-
--------·-------1----1--------
Riphidomella michelini . . . . X I I I I I I I X I I I I I I xii I I 1 I I 1 I
Schizophoria rp.supillata .. ..1~~1-1-1~-1-171~171~171~1-'1~1-~1-1-1-1-1-1-1-1-
Seminulaambigua.. .. ..1., I I. I I 1 I X 1 X I LI_I_I.--I_?I-I-I-I-I-I-I-L:J-I-
Spiri,ferbisulcata •• .. ··1 X I X iii I I l_l_I_I_I__I__I_I_I_I_I_J_L~.J_I_
" linea/a •. •. ..I~-'-I-l-J-I--'-I-I-I-I--I-I-\-I-·-I-·-I-LJ-I--
"strzatus .. .. ..I X I_?I_I_[_-'_I__I_I_, I_I_I_I__I_!_I~__I_I_
" trigonalis . . . . -·I~ I I I U I I I I I I I I I I I I I
"sp. _L__-,=I=I_I==I 1_1=1= X I 1 1=1=1==1==1=--\=',=
Spirit";"",,!,,,,,.. .. J_I_I_I_I_I_l~~I_I__'_I I~I_I_I_I_I__I-.-J_I_,__
:Il-i-i-i-i-I-I-:i-l-I-=-l-,--!-I-I-:-i-I-\-l~-l-=-I-
 at Yale University on July 6, 2015http://pygs.lyellcollection.org/Downloaded from 
